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Core Idea Triad:

Situation Awareness,
Coordination, and
Information Transfer

Flexible Traffic Prediction
Management Considering (Coupled Weather and
Weather Constraints Traffic Prediction)
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Core Idea Triad:

Phase 3 ACES
Assessments
Focused on this
Core ldea

v

Flexible Traffic
Management Considering
Weather Constraints
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Goals for ACES Phase 3 Assessment:

« Analyze the NAS-wide effects of two important elements of the
All-Weather Capacity Increasing Concept:

Core ldea 1.1 — Pre-Flight Planning (GDPs) to Manage Airport Rates

Core Idea 1.4 — Weather Avoidance Algorithms for Transition Airspace

 Roll up ACES results to estimate annual NAS-wide benefits for
current and future traffic levels

 Determine additional ACES functionality needed to model
remaining elements of the All-Weather Concept

« Document bugs and unexpected behavior of existing ACES
functionality
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Types of Days in the NAS:

Classification of Days in
the National Airspace
System Using

Cluster Analysis

Steve Penny, Robert Hoffman, Jimmy Krozel, and
Anindya Roy
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wnys thot provide intuitive insights into its operati
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mnalysis techni to clossify days in the NAS spanning a four-year
time period. anm],!ﬂ]nﬂmnplmd'bﬂhmnndnﬂ:ﬂﬂmﬂeplﬂ:r—
her 11, 2000 national tragedy. Tk b classification, we red this data
into manogeable and meaningful haed Ench suab has dominant char-
acteristics that exemplify typical behaviors in the MAS, primaorily bosed on
traffic volume and weather. The doto are then anolyzed within and be-
tween subsets in order to gain inf jion and knowledge from an other-
wise unwieldy superset. The results of such an analysis con be atilized for
efforis such as the vesting and volidotion of NAS simulations, NAS trend
anplysis. costbenefit annualization. and quality assurance.

INTRODUCTION

There has been considerable work of late in large-scale simulation
models whose domain 1= the entire National Airspace System (NAS),
or some large portion of it. For example, NASA's Future ATM Con-
cepts Evaluation Tool (FACET) [Bilimoria, et al., 2001] and MASA's
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Types of Days in the NAS:

 Analysis of 2000-2003 NAS data

 Cluster Analysis —What are the different types of weather days?
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Cluster 1:

 High Volume, No Weather Effects

Total Operations (Thousands)
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Cluster 2:

e Low Volume, No Weather Effects
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Cluster 3:

 High Volume, Medium Delay due to Weather
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Cluster 4:

 High Weather Related Delays, Low GS Delays
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Cluster 5;:

 High Weather Related Delays; High GS Delays
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Cluster 6:

« Low Volume, Medium Weather Related Delays
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Cluster 7:

 Peak Cancellation Days
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Cluster 7. (Another Projection)

e Cancellations vs On-Time Scheduled Arrivals
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Types of Days in the NAS:

« Weather Related Delays
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Dendrogram:

Pre-9/11 data clusters
Pre-9/11

similaty to post-9/11 data High Volume
9/11 and Clear or Low Weather < Low Volume
Recovery
MNot used for
cluster analysis
High Volume
Moderate \WWeather 4 Low Volume
Post-9/11
/ High GS; Low GDP
Severe Weather \ High GDP; Low GS
High Cancellations
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Days of Interest:

EEgol Cluster Vol UL Description

Date  \yeok Effects

ALCES Simulation High Yolume Baszeline Day - On-
Sl F B High | ModHigh | Time arrival counts are on par with 526, even
thaugh valume is much higher

Wi NEA Clear/Low YWeather Type Day - High
Wolume, Low Delay

ALCES Simulation Yalume Trend Day (Chosen in
A/2b =l 2 Loy Loy particular because it was identified as a low
volume day) Low “olume, Low Delay

Wy NRA Severe WWeather Type Day - Convective
B2 Wy 5 (4] High Severs Activity - Medium G55, High GOPs This puts it on
the edge between Clusters C4 & C5

Wy NRA Severe WWeather Type Day - Convective
Activity - High G3s, Low GDPs=

Wy NRA Moderate Weather Type Day - This date
Iz on the edge between Clusters C1 & C3

Wy NRA Severe Weather Type Day - Major
snowestorm impacts areas from Oklahoma to

12/05 Th 7 Lo Severs Yirginia and Tennessee on 12/, On 12/5 1t
sweeps into the Mortheast causing snow and icing.
High Cancellations and GDP delays experienced.

5122 W 1 High Loy

b/ 27 Th 5 High Severe

9/18 Wy 1(3) | High | ModiLow
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Approach:

Current Demand Model Future Demand Model
= 50-airport vs 250-airport Model = 50-airport vs 250-airport Model
= Actual H&S vs PTP ratio = Selected H&S vs PTP ratio
_:/ \_ _, N Types i / \ —_~ N Types
Today's N / Today’s of Days f_,./ Future ./ Future of Days
NAS without | | NAS with ] | NAS without ] | NAS with
4 Weather ) v Weather f \ Weather ) /. Weather /
Baseﬂf?—é fc;r __/ \_ BaSEffﬁé—%O!’_—f / _\—
capacityona “\yithout All- ./~ With Al capacityona without Al- .  With All-
typical clear- | Weather _,: | Weather | typicalclear- |  \Weather ||  Weather |
weather day in . Concept ~ . Concept ~  weatherdayin . Concept ~ . Concept ~
TOda}"S NAS — Te— the future NAS R e
Benefit of the All-Weather Benefit of the All-Weather
Capacity-Increasing Concept if Capacity-Increasing Concept if
implemented in today's NAS implemented in the future NAS

e Assume nature of convective weather is the same in 2020
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Approach to Annualization for NAS-Wide Benefits:

o Study N types of days & Measure Performance Metrics in ACES

« 2002 vs 2020

 Roll up a (Frequency-based) weighted sum of the Performance

Metrics over the different types of days

Annualized Cost =

0.338C;() +0.268C,() + 0.166C () + 0.130C,() + 0.063Cs() + 0.025Cs() + 0.010C5()

Type 6
Days

Type 4
Days

Type 3
Days

Type 2
Days

Type 1
Days

Number of Days Frequency (%)
Clust Cluster N
Uster RS e TE 2002 2003 Total 2002 2003 Total

Type 5

Days

Type 7
Days

33.4

33.8

1 Clear Weather High Volume Type Day 125 122 | 247 | 34.2

2 Clear Weather Low Volume Type Day (] 83 196 | 31.0 | 22.7 | 26.8

6 Moderate Weather Low Volume Type Day 45 76 121 | 12.3 | 20.8 | 16.6

3 Moderate Weather High Volume Type Day 58 3t 95 159 | 101 | 130

4 |Severe Weather with Low GSs; High GDPs 14 37 46 3.8 8.8 6.3

5 Severe Weather with High GSs; Low GDPs 9 9 18 Z25 2.5 28

i Severe Weather with High Cancellations 1 6 7 0.3 1.6 1.0
March, 2005 TIM#5 19 —

METRON AVIATION




Core ldea 1.1: Pre-Flight Planning to Manage Airport
Flow Rates

e Long-Term Probabilistic Weather Forecasts

e GDPs

« Fix-Based GDPs (w&w/o En Route Cornerpost Swaps)

e Distance-Based 1st Tier, 2"d Tier GDPs

e  Multi-Airport GDPs

« Specialty GDPs (e.g., SFO Fog Burnoff, FCA-Based GDP)
 Cancellations model based on line of flight

e User Priorities and Constraints
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Phase 2 Fix-Based GDP Analysis



Airport vs Fix-based GDPs

Total Weighted Delay (hrs)

What could we do with
Improved weather prediction
accuracy and pre-flight
GDPs?

PLANO BEARZ

2200

Predicted Weather Intensity Twice as Severe
2x Actual Weather Intensity

200.0

M\_\ yPOH-Based

160.0 —~—
Predicted Weather Intensity Equals

A ctual Weather Intensity

oo | Bk RS R,
W

ORD simulation with
weather prediction
accuracy varied
spatially and
temporally in a
controlled experiment.

1200
0.5x Actual Weather Intensity

100.0 T T T T T T T
=30 =25 =20 A5 -0 B 0 3 10 15 20 25 0

Weather Time Shift (minutes)
March, 2005 TIM#5

A positive weather
time shift denotes
forecast weather later
than actual weather.

—

METRON AVIATION

22



Airport GDPs vs Fix-based GDPs
with Cornerpost Swaps

......................... o
« What if we could plan Y. o FE

SR
R
cornerpost swaps en route %(/"‘ ORD
during the GDP ’%‘\ \\Fk
. . Q"
Implementation? ) "
%, PLANO BEARZ

220

e o ORD simulation with
2000 o o
2x Actual Weather Intensity Airport-Based weather prediction
(No. of Arrivals = 357) accuracy varied
.;L“‘\./‘\‘\‘\“.‘\ ¢ I—'*—-Q____. Spa’“a”y and
Predicted Weather Intensity Equals tempora"y Ina

: 5 controlled experiment.
Actual Weather Intensity Cornerpost Swaps & Fix-Based P
(Mo. of Arrivals = 371)

w A positive weather
time shift denotes
m_."\;:;::‘__‘___: forecast weather later

0.5x Actual Weather Intensity

than actual weather.

E
=

2
=]

1400

Total Weighted Delay (hrs)

z
=

1000

-3 25 -20 -15 -10 k=1 0 B 10 15 x 25 30

Weather Time Shift (minutes)
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Coreldeal.l -
Pre-Flight Planning to Manage Airport Flow Rates

 Use airport arrival rates for GDPs on
weather days from ATCSCC logs

« Model future GDPs by scaling arrival

rate by airport’s capacity growth 2002 vs 2020 AARs

e Model improved GDPs (such as fix- S el iy Benefit
based GDPs and fix-based GDPs  i= N
with cornerpost swaps): e
Increasing Airport AARs w
Maintaining the number of affected aircraft ™ w

 Use AirportState data file to create N
associated XFR airport states ACES XFR Data
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Core Idea 1.4: Weather Avoidance Algorithms for
the Transition Airspace

Normal Departure | Adjusted —— _»
Flow — » ; Departure
Flows |
(= g \ -
_EI e Iﬁ' - ——
= v Arrlval -
—————J\ Flow
\\‘ o
Departure Flow Departure Flow Re-
Unaffected by Arrival Designed with Arrival
Flow Weather Flow Weather
Avoidance Route Avoidance Route
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Example Transition Airspace (1)
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Example Transition Airspace (2)
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Example Transition Airspace (3)
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Example Transition Airspace (4)
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Concept: Single, Double, Triple Metering Fixes

2x Throughput: Use Double Metering Fixes

3x Throughput: Use Triple Metering Fixes

Blend concept with TACEC

Today

Distribution of a typical My g

traffic flow passing over
a DFW metering fix.

March, 2005

30

20

Future

Single Metering

4l Fix;

Variance of

gto sl /ncoming flow
\A 'cduced by FD
S O cCis/on

guidance

TIM#5

2y

X

Double Fix;

Two non-
ntersecting flows
arrive at the
metering fix
location; requires
precision guidance

30

_jf)“

i\’é\\
Triple Fix;

Three non-
intersecting flows
arrive at the
metering fix

location; requires
precision guidance
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1 route synthesized
to direct traffic to
KRENA.

Only arrival routes
and hazardous
weather displayed in
this image.

3 routes synthesized
to direct traffic to
PLANO.

March, 2005

Method 2: Non-Intersecting Parallel Flows to
Single, Double, or Triple Metering Fixes

TIM#5

3 routes synthesized
to direct traffic to
KUBBS.

2 routes synthesized
to direct traffic to
BEARZ.

31

METRON AVIATION




Method 3: Free Flight to Single, Double, or Triple
Fixes

The Free Flight route
starts at the point
where the aircraft
arrived on the
experiment day.

Only hazardous
weather is displayed
in this image.

A search in space-time
(Space-Time Flow (STF)
method) used to avoid
aircraft already within the
transition airspace, along
with avoiding severe weather.

The search
terminates here due
to hazardous

weather.
The search ends at
the airport metering
_____ fix location.
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Comparison: Parallel Jet Routes vs Free Flight to
Single, Double, or Triple Fixes

Clear Weather
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Coreldea 1.4 —
Weather Avoidance Algorithms for Transition Airspace

 Determine lost arrival fix capacity .
from weather coverage in transition

]
=
T

alrspace (weather severity index)

Typical meter fix throughput (w/o concept):

capacity =11 — 27.5 * WSI (per 15 minutes per arrival fix)

Average weather avoidance algorithm:

Aircraft Throughput per 15 Minutes

capacity = 20 — 50.0 * WS

0 00000 N ]
D Q@D O OO O

L . LLOCOmOEn © 0 O 00 O
e Limit airport AARs by maximum TR on e e % oon
BVEIE eatner L-overage
meter fix throughputs
 Use AirportState data file to create
associated XFR airport states
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Relevant Metrics:

 Delay

Time-of-arrival statistics are likely the only metrics well-matched to the fidelity
of the ACES simulation

Pushback Delay = Actual Gate Departure Time — Scheduled Gate Departure Time

Taxi Out Delay = Actual Takeoff Time — Scheduled Takeoff Time —
Pushback Delay

Airborne Delay = Actual Landing Time — Scheduled Landing Time —
Taxi Out Delay — Pushback Delay

Taxi In Delay = Actual Gate Arrival Time — Scheduled Gate Arrival Time —
Airborne Delay — Taxi Out Delay — Pushback Delay

Total Delay = Actual Gate Arrival Time — Scheduled Gate Arrival Time

March, 2005 TIM#5 35 _____/-
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Additional Metrics:

o Airport Efficiency

Indicator of how well departure and arrival demand is being serviced

N departurethroughput

departureefficiency = 1 _
N = min(ADR, departure demand)

1 arrival throughput
N o= min(AAR, arrival demand)

arrival efficiency =

« Weather Exposure

Duration of penetration into severe weather (NWS level 3 and above)

exposure = [ w, dt . _Jo. forn=012
P _"‘toff n n— 1, forn=345,6

March, 2005 TIM#5 3 ____/-
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3 Results:

D NAS wide ACES B2.03 simulation runs for 2002

case runs (all VMC state or all IMC state) for 2002
VMC/IMC state) for all 2002 days
C/IMC state plus GDP capacities) for all 2002 days

/ide ACES B2.03 simulation run for 2020
MC state plus OEP capacities) for May 17, 2020

= I.: . L]
i

er severity index to ACE

o ~ A
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Phase 3 Results

Ave. Delay / Flight (min)

2800
|IAI:1uaI Delay #High Demand “ersiond MLow Demand “ersion1 #High Demand with WWeather “ersiond
am i LOw Volume High Volume
Days Days
2000 /-/—h
./Actual Dela)%
16.00 / & &
e ( o $ ffects of weather related
~——— |delays could not be adequately
simulated in ACES in|Phase 3
a.00
= ® /’/_'
4.00 » M Y
* * * v L
. Resu S 2.03
Q.00 T T T T T T T T T T .
AlWMC May 2B AlMC AlVMS May 22 Sept 18 hay 17 Jun 26 Jun 27 Deco AllMC
EEE—— . . EEE——
Increasing Weather Severity Type Day
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Display of Weather Reflectivity on VST:

Example 1:
Departure flight penetratrng LeveI 6 Weather

 Wiaakeation Srenarie TaolMacter) — June I, T2 G501 P GMT, 271 Aircralt, Seale 353

Example 2: ‘ ; i
Arrival flight penetratrng LeveI 5 Weather

March, 2005 TIM#5 30 _____‘_-/
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Issues:

« ACES Flight Data Sets (FDS) have significant demand shortfall
with respect to total operations reported by ASPM

High volume scenario (5/17/2002) has 55,399 (ASPM) vs 40,496 (ACES)
Low volume scenario (5/26/2002) has 40,775 (ASPM) vs 30,220 (ACES)

All future scenarios are derived from these two baselines

« ACES takes a significant time to run a NAS-wide scenario

Execution time does not scale linearly with number of Generic Masters

Single machine runs are limited to regional simulations (1000-2000 flights)

« ACES poses a significant burden on disk space and network
utilization

Size of output data scales almost linearly with number of flights

March, 2005 TIM#5 w _____/_J
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Issue:

« Perform an Annualization based on the no weather days and
low weather days for now, and later include the moderate and
severe weather days when ACES models improve

Learn what we can about trends with our latest version of ACES

Amma]ized ' mt =

'_v—jk—v_);v—";v—}

Type 1 Type 2 Type 3 Type 4
Days Days Days Days
Number of Days Frequency (%)
luster Clusterame 2002 2003 Total 2002 2003 Total

1 Clear Weather High Volume Type Day 125 122 | 247 | 34.2 | 334 | 33.8
2 Clear Weather Low Volume Type Day (] 83 196 | 31.0 | 22.7 | 26.8
6 Moderate Weather Low Volume Type Day 45 76 121 | 12.3 | 20.8 | 16.6
3 Moderate Weather High Volume Type Day 58 3t 95 159 | 101 | 130
4—Severe Weatherwith Low GSsHigh-GDPs T4 32 46 3.0 9.8 6.3
8 severe-Weather-with-High-GSsLew GDbPs 9 9 18 &5 L =0
—rSevere-Weatherwith-High-Cancellations 1 6 i 552 fit ekl
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Lessons Learned:

« Computer Hardware Availability was the single biggest limiting
factor with regard to the number of simulations completed

o 49 ACES simulation experiments required more than 1100 hrs
(approximately 45 days) of computation time to complete

« Each simulation required an additional 2 - 4 hours to prepare
the input files, configure the simulations, collect the output
files and import the results into a MySQL database

 No 2020 simulation (2X 2002) demand could be run on the
machines at Metron Aviation simply due to Memory Limitations

« The 2020 (2X 2002) demand set required over 70 hrs of
computation time to complete even on a set of 10 machines

March, 2005 TIM#5 42 ____i_/
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Challenges

* Model Weather Reroutes such that we observe a
“quadratic like” trend in weather related delays with
Increasing weather severity days

e GDPs tradeoff ground delay vs airborne delay:

- How do we model the most promising GDP methods in future
ACES Builds?

- What about FCA-Based GDPs?

« ACES Requirements are varied:
- Rerouting essential
-  Playbook Plays highly desired
- Mechanisms to support GDPs highly desired
- Wind Optimized routing desired

- Some ability to link delays and cancellations with line of
flight preferred

March, 2005 TIM#5 ____4__/
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Challenges

 We must consider Human Factors limitations to the
blended operational concepts

« Use Cases from higher level blended Core Ideas are
needed

 Distributed Work Systems and Procedures need to be
developed to end up with a viable Blended Concept — Need
to avoid excessive cognitive complexity and workload for
any one individual in the system

* Need to Paint a Picture of how this is going to all work

March, 2005 TIM#5 w“ ____4__/
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Local/Ground Controller

COMTROL

Ground|f| Local

March, 2005

O'Link ||

SET UF

Ground Control - SFO Tower -- Thursday August 20 - 12:43:51 2

Admin Pref

Airpart Config.

AP Metncs

Ternp: S4F T 18CT | Humidity: 72%
winds: §-10 kts wWSW | Wisibility:  10+nm
RWR: 900 feet Ceiling: &000 feet
Cat: 28 Fog: Present

0hrs 2

- r1.I'r.f-|5.ﬂ;THER EFFECTS
AIRCRAFT
Braking Perf.
Tire Traction [ |aLErRT |
Engine Perf.
Icing Prob.

] I
Surface Condltlons
runway Slick [ NN I I

Snow/Toe Cwr. | WARNING ||

= g = 1
FIIII“‘ I }"—n“— = : ::-:. - : I

'laybook Hist W Hepart
ol sl e vws : Emetgency
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Local/Ground Controller

SET UF Ground Cortral - SFO Tower -- Thursday August 20 - 12:43:51 2

ToOLS ¥ g 4 T

DFW GRD SWA AOC

DFW Ground: ‘e are planning a configuration and rate change 2
to start in 30 min, Departures will be reduced by 25-50% for —
the next hour or =so.

AAL AOC: Of our 4 flights departing within that time frame,
Aal4a4 has to get out on time; the others can accommodate
some delay,

SWA AOC: If there is a choice, ., our LY flight {285 should go
out befare our Midway flight (217,

Collaborate with Pilots/AOC/ATSP
~

Airline Flight Qrigin . Priority Location

United UALTZ2E0 EYD Bi EnRoute

[American  AALIGY SFO [a1 alippch
L

Soutwest SWAIZ24 LAY . Al EnRoute

Share Data
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Pilot/Cockpit

Optimize Route for Free Flight

or Upload Weather Avoidance
r;‘ Wx Views v Wx Reportsv Route DSTv/. ROUte from ATSP

Nav Views v ollaborate v

Sched. Optimize

3237As323 352> wx optimize —
B

150 Wind Optimize 4 N

253”5 . S RLRRR LAE . Nav Viewsv Wx Viewsv Wx Reportsv Route DSTv Collaborate v

» Wx Optimize
323745323 352
150

253/15

A

WARNING: Cleared route approaches severe Wx
e N l[=end tao Dispateh [Send to aTc [ Accept ta FMS|
&

r
\ WARNING: Cleared route approaches severe Wx i
o )

L
r.
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Pilot/Cockpit
View E-PIREPS from Nearby Aircraft

Nav Views v Wx Views v Wx Reports yRoute DSTv Collaboratev ™

» Epireps
Upper Air \ . ’
Surface . Nav Views v Wx Views v ||Wx Reportsv Route DSTv Collaborate v
ATIS » Epireps

3 2 3 3 23 0245z FL340 "moderate chop”

1 5 0 u 6 0247z FL320 “light chop, better higher"
0248z FL300 “chop last 40nm. avoid 340"

253/15

UAL445 I

WARNING: Cleared route approaches severe

WARNING: Cleared route approaches severe Wx
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Pilot/Cockpit Join a Collaboration Conference
r " @

Nav Views v Wx Views v Wx Reports v Route D& Collaborate v
» Join Conf.

Call Disp.
@ 40.0 Call ATC
j{ N1 z{ = . : ‘
95.3 & 4 .
e Route DSTv Collaborate v

74 Nav Views v Wx Views v Wx Reports v
6 » Join Conf.

\7 44 L
x AIR TRAFFIC CONFERNCE
DFW TRACON: As you can see, we have a storm cell south of airport. Qur plan is
o ITT pta for all traffic from the south to arrive from the northwest cornerpost.

We'll choose to divert UAL464 to 1AH, the others will follow your plan.

63.6 63.6
AAL370 needs to get in fast. Please give top priority.

e e
jﬂz _j - GEAR - - FLAPS - 20

330 f 300 pPNDNDN ®=s@ 0 O

60 OIL PRESS 61 = -
59 OIL TEMP 58 stae TN Al
0.1 FANVIB 0.1
-FUEL OTY-TOTAL 2600
500 600 800
700

*** Conference ***

*** Conference - AIR TRAFFIC ***
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Point of Contact

-

=i |
Sandr:; —~ {_Qj‘lmnn“

Jimmy Krozel, Ph.D.
Director, Aviation Research

. 2360 SW Chelmsford Avenue
/ Portland, Oregon 97201

( (phone) 503/274-8316
¢ (fax) 503/274-2386
I krozel@metronaviation.com
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